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XMISS-t K n^v ^ h ') T--lf]b*^ir -y*^-^'? (Manihot esculenta) tfzlt^^^ 
;^(Hevea brasi 1 iens i s) A*T-*5 . sl^RJI 1 sfiK^oeSc^MS- ti Hndf-i^ - h ,u 
T - -tf , 

S i t *l 6 4- < ^ ^ 1 o (?) T 5 ; L T # tl 6 . lb S VMi . le^ij ft ^ 4 IC 

TF^n^T 5 ;ifE^JlciJUT. 15-2«SH. 3 6 =): Z/H 2- 1 73gf B Ic ^ $ n S 

11 'J T--lf. 
[if '^JH 4 ] 

mm^2\z^s^ii^T X JWcW.n\zi5\^x. les. ic'K 172. fcii^;73§g ^^^ibieii 
ni>'M^£< h%iir><r>T^ jm-^\k^LTmhnh . m^-^n. 1 ieK<?)L5c^^s-t k p^i' 
[3|5|^ JM 7 ] 

1 il ieU^^ a^?P! S- t K D df- X S ^} >l -j T - -tf, 

gfJ^Jl 1 ~ 7 c;)o1*tl6^ 1 Jllcieit(?)e!c3ESS-t K a ^ h 'Mb T--lfiOT 5 ; g& 

lf5t?JM8 ^tz\t 9 ieiS<7)DNA^i|A Lfc^i^tg^L . ^ tl -5 irg^t^ 6^ S- in K n i?- 
[MjI^JH 111. 

■V :^A. J: V /9 X - K 24igiSlCl¥lStSii'^^ < h ^ i r> <DT S. J i^%dSC$-t-5 C i: IC J: 



[ 0 0 0 1 ] 
[ 0 0 0 2] 

^R^c^^'t^^:^: Lxm^X-3h •) . Lfc**oTS-t h* a df- - -j T - ■iHH.M ±.X'M 
[0 0 0 3] 

S-ii K n i> - h 'Mb V T--lft LT li. . ^ ( Man i ho t escul en ta) 

til 31^60 S-t K a ^ >- ^ h 'J Ji. T- -tf , ; ^ (Hevea bra si 1 ien sis) ilj3|5(?)S-t 

H a ^ V - N 'J >U t f- tJ -f -r^|i|-Mt/T-*>^ t a =1 ^ (Sorghum bicolor) F*1* 

[ 0 0 0 4 ] 
[ 0 0 0 5 1 

-^'J. Wainer^lJ. 7 =f ; ^^%<7y'i-'^ K a ^f- ^ - |. .j t - -If c;) ^ ;^ jS % 

C^*^lcJ:ii«. ^^</>v$'l44''C^tJSer80. His 2 3 5 . /^^SXAspZO? ^ ^ 6 Ca t a 1 y t i c Tr 
iadT«lEK$n. ^ y< <r>%m<\zHi£L. IK :?!<#. ^ + > o «r T 

us (#!tffF:5:Sftl ) . -f-cT. Km<?)^H$#'l±*RR-t Static. C<^H:*<'|4^ ^ > 

s-t K - h 'nu 'J T--tf<?)a:$. !r?ic:iiirr^'l±<?)iaj±co^cy)<7)eS:igtcouTii. 5t^^ 
[ 0 0 0 6 ] 

[^MfffXitl] Wagner LC. . et ai. Struclure. 1 9 9 6 Jul 1 5 : 4 (/) : p8 1 :-22. 
[ 0 0 0 7 ] 

[ 0 0 0 8] 

[ 0 0 0 9 ] 

-fScb*.. *f&B^li. ^,^.ISS-b h* ndf ^ - h -J T--tf<;^T 5 )mW.n\zisv^X . 



[0010] 

^MMS-t H d:^^ - h 'J 'U -J T--lfi: LTIJ. ^ t -v ( Man i ho t esculent a) * 
3^ir>S-t K n ^ ^ h 'J T--t: (SC^'ija-^ 2 ) S li 7 =r ; ^ (Hevea bras i I i en 
sis) i*<iOS-t; K p^x - h 'Mu T--li (E£?ySr-^4 ) ^#tf -5 C i: fe'T'i -So mjifi^ 

h 2) . J: 2/153-1 MSB ( -N -y ^ ' ) . *>-5vMi. ie3'iJS^4 Ic^^tl^r 5 
; ^Se^iJ K^o 15-28^ g ( 'j -y ^ XA) . 3 2-3m@ ( /9 - h 2) . i5 J: 2/ 1 5 2 - : ? 3S @ 

[0011] 

in. t?ck<7iKma)b^^jgi^ns'>5r < i: ^ 1 o<?)T 5 ; LT^#'btlsac$las- 
t K D >- ^ h T - -ti^ # If -5 C i: 6*? S -5 . 
[0012] 

Jl T - ^cr)M t LX . mn^^ 6 . 8 . t li 1 6 k: /T< 5 tl T 5 ; ^il^J ^ ^"t -5 tSC 
^^S-t K p^x - N 'J T--tf^PJf 6 c: t 
[00131 

[0014] 

T^. f 60J: 7 ■^j:Mk<r>nm'^J:mt LT. ffijr'US^e . 8. ^ fzlt I 6 iz^. $ iii, t ^ J 
mm ^ =J - K -t S DNA^ P If S C J: § -S « • 
[001 5 ] 

:^mnit$ 'h\z. ^mn<^sc^ms-t^ k p^> - h 7 ^i. v T--tf<^n- K-t-sDNA^ii 

;?®^|HIlR-r§ Z f^m^t-t^. LSC3fS!S-t H Pifx::^!- 'J >l «J T - M it 
[00 16] 

$ ^iztfz. *%B^ii. XM^S-t K p^x- h 'j ^i. T--tf<?)T 5 ; «^i«£5iJtciJuT 
. 'J -y 7.D3 ' . -y :z.A. :k If |9 x - K 2 ^ ia)i (c ^ l5E 1" ^ ii^^ ^ < i: t 1 otfOT 5 
Jm-^3i^-thZt\Z^ 0 . S-t H p^x - h "nu -J T--lfO|^$Stt*|tiI±$ •tir'Syj^fe 

[%B)^<7^5^^] 
[0017] 

'I4%a^7 C t < . tlD^WiaiCcJ: ►) SB ljaH5[ 6?^ Vft*^ -officii h T-ffi^55»Cif||!lT§ L^- 

[ ^ B« ^ ^ m ^ g A ff^lB ] 

[0018] 



*%Bflicfev^T. r^.^SS-t K n^v - K -Ml. T-4f (lilT. SHNL i: Il5ie-t -5 ) J 

NL^^.i*-t-5o mililXMSSHNL^7>i*liiff lc|?K;a£$ n-f . mz.lt. t p n v (So r ghuiii bic 
olor) 5r ir<7) ^l4ti!t^**<7)SHNLs ^v•y^/^' (Manihot esculenta) ^^<y^isJ^(\{ 
evea br as i I i ens i s) t h '!7 r r -^-fsi-ttit^lli^iOSHNL. ^ > -t (Ximen i a america 
)5rir^t:n*-D ; ^tt!f%| t*^SHNL#*^^l-f 5 C t ft'T* § -So Ztl'bSHNL^T^ J mWi 

A#-t-2) C i: ^. I5tjx.l3:. 7 zT a ; ^ i 5|5 SHNLfi-^ T Ac c e s s i on No. U4 04 02 ( 

ffiJNJS^ 3 ttU 4 0 4 0 2iOCDSlc|^i) . ^ ^ 7 ^ ^ 3t5<^ SHNLitfe-f li Ac c e s s i on No. Z2308 
K t CI :3 X i3^SHNLii-e^ tJAcce^sion No. AJ 4 2 1 1 5 2 1 L T . -e n -f tlGenBanklC ^ 

[0 0 19] 

v^ < 0]b-c;)SHNHc-ov%Tli. Ktc f Iff 5 tlT >) . B*DNA 

7=- ^N-> ^cOt'- ? XPDB Retrieveri: ») T*- 9 -^W^-f - i:jb*T-S = C 7 L 

[0020] 

V >v XD3 ' i:Of iJia.5^lg^it?«*>.5. WTt. ^ ^ -v ^< ^ =f ; tb ^SHNLco -v. v 
•vi'XA. ^ i'- h 2. feck 'J -v ^' XD3 • fiO^T = ; (gtiSejyi^iiE^^I-^ 
[0 0 2 1 ] 

'J -7 ^ xA e V - K ? -J -v j7 xn.'t • 

-y ■4■^^•SHNL 1 5-2 8 3 2-3 6 163-1/4 
^•<y^l. J ^.SHNI. LiiJi 3 2-3 6 162-173 

[ 0 0 2 21 

±ieic^i- J: 7 . 'J <v XD3 ' li> iei'iJS^2 ic^^tlS^^ ■^'N-|ii*<?>SHNL<?>T 
5 ; ^ie^Jlcfcv^T IJ 1 6 3- 1 7 4§S(?)T 5 ; Si^lC. K^iJSr-^ 4 ic^$ tlS r/A ; 
Jl^tfOSHNL^T = ; mmniz^K^Xli. 162-l/3ara<?)T5 JWcizmMt^, 
[ 0 0 2 3 1 

H 1 3 IJ, ^ -v (Manihot esculenta) fa i I/^n* 7 zf a ; ^ (Hevea brasi I iensi 

^i3fc<7)SHNLT-tt. ^ V -v ■»^-^x*^]*<7)SHNL<7)13 5i[[c|^i-t.S T 5 ; if L T V'' -5. 

^ t K p x-^x--7 T 5 -J -tent. m^^Ulh^cosmL'k^ibX . ^(^^Li^m'M 

[0 0 2 4 1 

t ; r-^ 'J ^ XAJ feck 1/ r ^ - I- 2J Jr^Stfrr-SliSisXT-^^oT. SHNLcT^E^S 

$ns^N'7 rTA ; ^i:Jk<7)SHNL<?>T 5 ; S^gfi^iJ ^0 1 6 2- 1 73S B <75 T 5 ^ i^lc S ^ S 
. 5i€,vMift!l<?)*|i|^i*<7>SHNLlcfev^THuie-7' 5 ; iticffi^-r ^tiis!iT'«>-5o ft!l *l * 
^fe<?>SHNLk:felt-?)-^ ') v 9 XD3 ' ^ofi/gjj . f (?>SHNLtfOT 5 ; ieffi^U % lieie^OS 2 t 
/ili@e^iJS^4 <7)T = ; i&ffii'ij J:T7>(>>>hL. Sfii'iJif^ 2 t /iHgeiriJif^ 4 <7>162 
-173if Ri^T 5 ; mzt^m-f i>mt tLX^isbi>Ztt)^X% 



[ 0 0 2 5 ] 

^N'Fh^^oSHNL^fiejfiJS-f 4 ic^5 n-5 ; ^Ff=l*<?)SHNLc^T $ ; mWM\zis\^X . 

ieicffii-t€.^tg!iT'^€., fllLc;0^|i|^i*^SHNLlcfctt^ -v ^ XA<7)-(iga. ^<?>SHNL 

fiOT 5 ; (gei!E?ij^±ie0fi?ijs^2 *fcijee^ijs^4 <75T = ) mm i:T7-o>>hL. 

K^JS^ 2 *rcttiI3fiJS^4 <7):6-28SBc7>T 5 ; it Ic li; f -5 ^ iaS t L T^l^i^ § C t i>* 
[ 0 0 2 6 ] 

-SeSe^OT 5 ; iefcM^I-^lltS. *>-6uiifi!i<7))|ft!f!!;i5|5<7)SHNLlc*fC^THuieT 5 ; ^ 
lcWi-t'5.l!S^T-*.-S. ft!L<^tt!t^t*(5DSHNL(cte{t ^ 7 ^' AD3 * -f-tfOSHNL 

Sei'lJir^ 2 S ActtSe3'lJS^4 «?> 3 2-3 6 S[ifiOT 5 it Ic ?t 1^5 -5 .1S ^ i: L T5)^*> -5 C h it>* 

[ 0 0 2 7 ] 
3 . CSt$MS-i; K a ^ h 'J ;u T-4f 

-*:^Bfl a . 5^f<^MS- tHt3^^-K '} )\. ') t - ■{£ <r) t ^ ) WcW.n \Zis\^X. ^ v 7. 
D3 ' . ^ V ^ :^Mi^U^ -> - h l^miznU-t ^ ^j: < 1 -ocOT S. Jm-k&C^LT 
#^tl^ . ii^S'l4A*|S]±U/zaSC'$MS-t H o^x - h ') >u ^) T--iHzm-th\ 

[ 0 0 2 8 ] 

c ^ jm^^^] tit. T ^ J m^mm<7)T ^ J m\z&^-t ^ z t ^mm^ 

SC^-r -5 =t ^T-i> o T ^ J: u„ 
[ 0 0 2 9 ] 

kChange XL Site-Directed Mutagenesis kit (STRATAGENE) . TransformerTM Site-Direc 
ted Mutagenesis Kit (CLONTECH) ^fflv^TSf left? C 
[ 0 0 3 0 ] 

Ttf ^tl^^l^v^tt**. IB] i; < :^n|iamiILfc5^«^2aSHNL^^I^v?^'l± t Jtlit LT# < L 
'l46*¥isJi-tSSigA*|gi^S1tfii. IB] 5^ > ^'W^iilgic^lg^ ti/!:5eJ5S3'SHNLlctflt€.l^fi|g 
'^^SHNLc^^^vgtt)tJ*¥Mi-^fimi!?». IsJ-zSttft. (B] H-i^ SIC 5*1/2 5^5:^31 

sm\zismmumtitmLx:'c±n-irzz rm'^^^/mmm* i °c\^±Lrz] 
< . TMti:}^.mT.nizisK^xnn\z^m^j:mMt\.^^h> 

[ 0 0 3 1 ] 

it-t^lj^t-'^^hn^, ^^m\zjs\-^xit. -:^<7)SHNLt ; v-^D-v. .j -y i; XD3 * ifi^ 



[0 0 3 2] 

. leSSBc?^ r 'j V S^'tfe T 3 ; T X^N- 7 ^>if ^ fell r ;l ^ ^ ly^lZ 

S:J^5 L T # n .5 S- 1 K n if V ^ h ,u -j T - -tf ( tlf'tl . SeifiJ Sf-t 6 J: 8 ) . 5b 
■2) vMi 1 ? y ^ < 'J > n ^ ^ > IC L T lb n -5 S- 1 K n ^ x - K 'I >l T - ( 

[ 0 0 3 3 1 

4. 1 et^mSH.NL^^f- Ht-^DNA 

OuickChange XL Si le-Di reeled Mutagenesis kit (STRATACENE) . Tr ans 1 oriiierT 
M Site-Directed Mutagenesis Kit (CLONTECH) ^) ^fflv>T§<ilc^f 7 C tij^X'^ 
[0 0 3 4 1 

4 . 2 m.mx.'<^ ? - 

/^v^T. Huiea^^SHNL^=i- Ki--5DNA^7-7 X 5 K ^ c;) iV ^ <7) 5'-lcii^ (If 
[0 0 3 51 

BUlB7'7 X 5 KDNAt LTl±. lij 7^ 7 x 5 K {^^\t' pBR3 2 2. pBR3 25. pUCl 

8. pUCllS. pTrcHis, pB I ueBa cHi s # . tc ^T? ^ a ^ - - ^^-t ^ pET2 1 -< ^' 9 
^ tvO . UWm^^<^^' ^ X 5 H (1?Ji.ij:pUB110. pTP5 . ^ # tb 5|5 <?) 7* 7 
X 5 K (fUli YEpl3. VEp2^. YCpSO. pYE52 iTA*. 7 t- > DNAi: L T li A 7 r 

[0 0 3 61 

[ 0 0 3 7 1 

hilX\^^i'\:M<r^^<^-%:m\^i>Ztb^X'% 5r a t - :7 - ic o u T a . '^yft^^m 
nm-Mi^izisi^x . tiz^mt tfz. '5^T'5btiijrx>^N>-4--^<;)>' XXL 

xy^-fi^^^^xr^iu, .f'^ A^J-flu r . 'J # y - a/Ni^k^ij ( SDie^iJ ) 

. 9- ^^-9-mmw^MM.^itx'h^\>. 

[0 0 3 81 

4. 3 ec^MSHNL^^If:^ (ff^H^m^:) 
YX^^X. ^ S 6*^^L 7 ^ J: 7 lC^|£t|3|C^AL . 

izm&^fi-f. Mz.lt. X y ^ X 'J t T • 3 ( Es Che ri cilia col i) #cox 7 ^ x 'J t T 



^'<=f- )V 7. ^ X-f=f- 7s (Bacillus subtilis) m<r>''^=f->v ;^li.va.-Kt-^^-^ 
^ 7 ( Pseudoinona,s putida) ^ - h t v V '/tf^A • > a (Rhizobiu 

m mel i loU) 'j •/ -t? Z^Hlclil-^lfflffl. $ -v n 5 :^ • -b fcT x ( Saccha 
r oinyces ce r v i s i ae) ^ -f */ •'t -y ;^ d = -h x • ;t' ( Sch i zos acch a r omyces. pomb e) . 
fif-T • ^x'X h 'J X (Pi Chi a pastor is) ?F<?>^f:. ^ ^flUCOSIIflfla. mmU^<r>M^B 

[0 0 3 9 ] 

v^T^ckUc AIMSt LTtt. ^J;iljr. X >y X 'J t T • n 'J (Escherichia coii)HMSn4 
(DE3). K12. DHK Bt*# ^^plf ^ tl . tiS^mt L T li . 0iJx.ti. ^ ;^ ^ • X ^ ^ 7 ^ (B 
acillus $ubtili$)MI :i 4 . 2 0 7-2 l¥6-#li'^il-5.. n t - 5^ - i: L T . 
±IB?ii + T^aT§ S?t(?) T*)tl little PSS^ia-f. ^J^tf. Irp^Dt-i?-. lac-^ 
nt-:?-. Pl^o i7 Pjj^a 5^ :^IJ|® ^ v t - tc tid ^i" -5 ^ n 
- ? _i,*^(f ^jtl^o tac:/a ^-^co i 7 ic^ A^fl^tc^lfeSc^^ tif- 7-a 

\t. ij >li^'^ U^ty■^m\.^^i^'(^:[^^Un> S.N. et al. :Proc. Natl. Acad. Sci.. USA 
. 6 9 : 2 1 1 0-2 1 1 4 ( 1 9 7 2)]-^. X u ^ h o t^ U 3 >>i#*«plf .5 C i: -S. 
[ 0 0 4 0 ] 

i: -t -5 Ji^H. mx.\t. -y 7> n 5 -b X • -fe U 1^ > 31. >/ y d 5 -b 
• .t;> f^T • ^N-;^ K A^it)»fflv^ "btl-z., 7-a t - ? - i: LT li. ^ # rfi T J£^T' 
^ -5 ^;C7)X-*>tllJ!f#fcK^^ii-f . <J<Jx«. gall^nt-5'-. gallO^at-5'-. t 
-hv3 •y^?5'>>N-^'H7'n^:-57-. MFal-^at-^-. PHOST'a 9 ~ . PCK-/n 
t-^'-. GAPT^nt-?-. AOXl p t - 5- -^^pi-f.S Z i: # 

>S[Becker. D. M. et al. : Methods. Enzymol., 1 9 4 : 1 8 2-U 7 ( 1 9 9 0 )]. ^ 7 x n 5 ^ 
hvS[Hinnen. A.et al. : Proc Natl. Acad. Sci.. USA, f 5 : : 9 2 9 - 1 9 3 3 ( 1 9 78}]. 
^'^ Ayfc [Itoh. H. : J. Bacterid.. : 5 3 : 1 6 3- 1 6 S ( 1 9 8 3)] #^^Jf -5 C fe'T' § -5 . 
[0 0 4 1 1 

4 . 4 ff^m^}i#<7)tg^ 

[ 0 0 4 21 

-^-^^^7i'Sf7;vK( IPTG) trp7-a t - 5^ - ^ W -< 9 -T'Jl^ 

M^filLrc«K4=.4?3$i:g^1- Sii^ii. K-JUT Ji-ie (lAA) m^i^mzm\^i.x 

[ 0 0 4 3 1 
[ 0 0 4 4 ] 



9. y ^n<^^m • nmizii. mz.itm'k'()im. sds-page. r>i^m^ ^ty 

[ 0 0 4 5 1 

h 'J 'K7)SHNLlc J: ^ :^<i^lc cfc^T^C-ST^u-f't K fin? 35^3 *)<?>4lfiKS (^^^ 2 4 9 . 
enmlcfclt^.iftTiiJgib-'oHiii) ^iiJ^tSC i: ic J: o T SIIST- § -5 . 
[0 0 4 6 ] 

[0 0 4 7 ] 

*^Hflc;oe!c«SSHNL<7:>Mji'ai: LTIJ. fliJitt. !ttW¥ 1 0-3 73 2 46^. 1 0-3?3 248 

iff ^Tll-35?25i^^##lz-tS C i: A'T§ S, 
[ 0 0 4 8] 

5 . &^MS-t H o^i/ - h V 'J ■r-^\z J: S T^^^Stt T ; t H V ><7)^^ 

^ 2 0 0 2-l/ 6 9 7 4 ^#M) » *^BjJco3c^MSHNL^ jlj u >- 7' ; t H > 60 ^ff il 'Sr ^ fii^ >£ 
i:LTtt. -^iJi-tf. ffi2 0 0 2-3 5 5 0 8 5^. ^#^ 2 0 02- 1 7 6 9 7 4^. !t#li 2 0 0 1 -3 6 3 8 4 0^. 

0 0 1-3 4 6 59 6^. !tf ^ 2 0 0 1 -: S 0 2 7 5^ . !Rf^ 2 0 0 0-24 5 2 8 6 , iff ^ 2 0 0 :- 1 2 0 289-^ . !|fll 2 0 0 0-2 1 

nnnm\zmm^ firzf3'iti'km^-fhz t 6»t-.§ Sc 

[ 0 0 4 9 1 

\zm&^fihi><r>x\f^\^. 
Hm^J 1 : S3^»^Actint-e01f2-SHNL<?)i^iSI 
[ 0 0 5 0] 

1 . ^M^A 

^ ^ -y -*t /-c (Maniho t esculent a) i±i5|5c;)S- 1 K d ^ >- - h 'Mu 'J t - -tf ( Or i g i na I SH 
NL) ii^T (iE?iJS^ 1 : iff 181 2 0 0 2-3 6 5 6 7 5) AttCeneMorDhTM PCR Mutagenes 

is Kit (STRATAGENE^hiJj^fflv^Tff o /i, mmt LT. pKK22 3-3 (rvv ^ • 

^ x> ^ ^ D - r-^ S IcOr iginal SHNL**m ^ ^ ti T u S pKK2 2 

3-3/Original SHNL^'^ 7. ^ K oOOng trfflVK f^lfico :4- 'J zfDNA?:-^ 7 'f v - t LT> PCR 

Forward primer: 5 ' -CGG GAA TTC ATG GTT ACT GCA CAC TTC GTT CTG ATT CAC-3 ' (K 
?!JS^9 ) 

Reverse primer: 5 * -GGG AAG CTT TTA AGC GTA TGC ATC AGC AAC TTC TTG CAG-3 ' (Si 
^JS^- 1 0 ) 
[ 0 0 5 1 1 

2. r^num 



#'o*ircPCRaif^(SHNL Mutants}*ftiJPK!^^EcoR L Hind III (TOYOBOtftl) ^fflv^T 

mitt, mc <mmmmic6^ w Hind \\\\z^*)-r>i^i^tn--y^^^i.ijt^^ii^iix 

u ^ 9 -PKK2 2 3-3 i: 7 -< y- ^ a > ^tr o fco 7 -f r- ^ 3 > [c ttLigaFast^MRapid 
DNA Ligation Systein(Promenaili) ^fflv^^co y -1 y - ■> 3 y Jxm'i^-^ ^ y y h ^ 'i' 
DH5a (TOYOBOaii) icfl^HjfejUL. 1t?gC<?>DH5 a /pKK2 2 3-3/SHNL-Ac tral^^fz. 
[0 0 5 2] 

«i(<7)DH5a/DKK22 3-3/SHNL-Actint^Mi^gT-tg«L. ig^Jci^ f n-f *l ImL-f oBX •) . 

(pH5.5) 2 0 0 m LT-^{^-® Lf^it. ^ 'M flS fi^ T $ID ^ fil^ L fz , ^ 
lia^j^l^ij^J^lSOOOrpnu 5nlin^O^^^^T•3g'l:^^8l t . Ifflljaii^fi^vS* #fco C ^ Ija {il^ {^^ }t ^ 6 0 

•c. 2ii<^^ft^T-;iuML . mmmz'cfi^'fi<7)mm^B-m.^sMi)^n.^m^Lrz. sHNLiS#. 

. •K:K24S. enmlcfelt^qS^TtS^IOS-f -5 C i: ( S IS! Pif il ^T^Tt/SH-j^ffl ) Ic :fc o 
1 0 0 5 3 ] 

ZiO^m. ^ID^^'t7§'l4^*LTV^f::DH5a/pKK2 23-3/SHNL-ActnitflOH2§itilt*i: LT 

^^f o /c, ^l'tt;<7>)«S*f^m=k "J . DH5a/pKK2 2 3-3/SHNL-Ac[nitOCl f2li@Ll?iJS-f 1 lz7f<^ 
-ri, Z i: *»5IIS$ tlfco Lfz3t)*oT. SHNL-ActiBlfl0l(2lj:Orinnal SHNL<7>t 5 J mWim ( 

i!E^ijs-^2) ioi65S@<?> '> yfT 7.^<y ^ym--M.^mx.hiirzT ^ J mmm m 

-*Asp) ^Actrat-00112-SHNLi: Iffit. 
[ 0 0 5 4 ] 

'A\z. $mi-Kci\!itn:i2mi^T^ 9 y <^ mm^T^^ ^ 9 -iUll (Novagen^tiy) ^W- 
ALTz. pKK2 2 3-3/SHNL-Actiiit001l2-/7 X 5 K ^Pil L , Zil-kmmtLX. \'m<7>-fy 

-7- iiDNAjK 'J > 7--tfK0Dplus(TOYOBO?f,S!!)^fflv^TPCR%ft-5 CtT. 
lc#/jn^ tiTv^S^JPR^^-^ >f h EcoR L Hind III*^§. f^*5 •? icfiJPRi?^-^ -f K Nde 
L BaraH l^^-^nL/io 

Forward primer: 5 ' -GGG CGG GGG CAT ATG GTT ACT GCA CAC TTC GTT CTC ATT CAC AC-3 
' (SeJiJif^- 11) 

Reverse primer: 5 * -GGG CGA TCC TTA AGC GTA TCC ATC AGC AAC TTC TTC CAG-3 ' 

1 2) 
[0 0 5 5 ] 

^-otircPCR^it^^lOPI^^Nde I (New England Bio LabstLM) . BaniH-l {munm 
) ^fflv^T>f!fb.L. IIli; <*yFII«^^Nde L BaniH \\z ^ *) ^ >i ^ ^ u - -y A V h^m 
ft^ilTu^'< 5'-pET21a ( Novag enttSII) t 7 r- ^ g > ^ o fz, 7 'f r-^ 3 
> iciJLigaFaslTMRapid DNA Ligation SisteiD(Pronie«a?±M) *fflofc„ 'y-if-i^^yf^ 
m,5R?:=i> fT^> h -b'iBL21-DE3 (NovagenSM) iCfl^HlKtHL. ISSSDc^T^ ; ie**As 
p ic ^. til ^ ti SHN L<?) BL 2 : ( DE 3 ) /pET 2 1 a/SHN L- A c t m 1 0 0 1 f 2 * # . 
[ 0 0 5 6 ] 

2 : SHNL-Actrat001(2cotA?^S#.^i^ 

1 . ^mi^'A 
1 ) mm^<7>mm 

m^l^M 1 TfFi!Ufc:'^IiSBL2i(DE3)/pET2i a/Original SHNL, BL2i (DE3) /pET2.1 a/SHNL- 
Ac till 1 0 0 1 f 2% LBirgifeGmL^ ffl T 3 TC T- 1 2hi:g^ L „ ff- tl tg^vg 1 0 0 m T 16 tc 
NS-2tgil!l5mLlcmttU. I FTG^ '^S^n L T 20*C . HiiTtgft^tf o ^c. i:g^^T ^51 
'C^^)-^. ;Nfl)ia^0J|XL/c. Z<^|fflfla^O. 2Mi'x>(tNa bu 1 1 e r (pH5. 5) lcj#® U . 



lz^')mm-kW^irz. Z(n}&^m^mMmL. ±yt§ln|iRLOriginal SHNL, Actmt-fl 

nii-smmmm-^mrzo ^?^-;saori8inai sHNL^^vSttftJ^u/BL. fy^^ii^wmmLi^mg 

/niL Ac tnit-001f2-SHNL)b*vg'ttfA6!)U/niL. ? > H®)^5. 96nig/iiil T3b o fc. 



[ 0 0 5 7 ] 



1 1 
If^ 1 J 




CNS-2 ^ftlMfig 


(pH6) ] 


Glycerol 


40g 


(NH^) ,S0, 


lOg 


KH,PO, 


2g 


K2HPO4 


6g 


Yeast Ext 


40g 


MgSO^ 


Ig 




20 m 



m^y>(}v^~-mm\^tc iptg 2zzwg/immm ^ra-rs. 

[ 0 0 5 8 ] 

2) mm'ik<ry}vimmi 

Original SHNL. Ac tint-00 1 1 2-SHNL^mvR 2 0 0 x >v -<> K ;u 7 ^ - - Atl . t 

fl 1 lcieiJLfci:te^)T-J>*„ 
[ 0 0 5 9 ] 

2 . 

CcOJfS*. Original SHNLT'ttfi)^(i5'Ctct?v>T'S'l4)!7^^Ju!t t /i^Olcx^ L . Actrat-OOIH 
-mUtn%)^XV.<7)nH^i^.-k^^Ltz (Pfll) , Actnit-0fllf2-SHNLJCov^TY$#.<^^irf{<?* 

^hiirz<r>\xn'cn'&-^. original mit)tm\.xmyc<r>mm¥L\^ Lh'^hiirz, z<7> 

[ 0 0 6 0 ] 

m'M'L-^m$nx\.^irz»>. m\z^*)$^j^i. yi^iz^mtiir^tzs y ^^^fnn^^^n 

T 6 , 

[ 0 0 6 1 ] 

m2iz^'t ^ 1 . Original SHNLlc T iJ . /jDj^iSlt 6 0'C ^*)mmA (m 2 cry :K:ill3 

^S^fiO^O h* )t)*a®icila!^ii'- L . /fl"CTtt^<> F Aclmt- 

1^5. CcOSDS-PACEiO^g^tt. ^^>J-1i<?>iJ^^^ (0 1) ii-SCLTi^*, 
[ 0 0 6 2 ] 

h T'^).5:;^f}im(ci*-t5 5'>/>? ^'S)!3»#< ( PI 2 * m 3 ) C^5'> 

^<r>tzisb. ■^y if>i^<r>9y<^'K^mt^\ \%'\\ii\ SHNL t Actmt-OOl l2-SHNL«oo 
[ 0 0 6 3 ] 



rz^m^mm\z^i^t^9y^-<i7n'^^tct^z.tij^i^^i, Ltzt^-^x. Actint-oon2- 

[ 0 0 6 4 ] 

: ActiDl-001l2-SHNLtfO60'C^«iil4fIlcfc{t-5^ii£'l4. H 9 y ^< ^ n^^\t<^ 

i)^%mznim-^hhzfkWfSl^htzit>. '/K<r>m^-k'ir r, tz> 
[ 0 0 6 5 1 

1 . 

1 ) mmm<r>mm 

:}«climBL21 (DE3)/pET21 a/Original SHNL. BL2 1 (DE3) /pET2 1 a/SHNL-Ac tintOfl 1 f 2$ LBtSilll 
5iDL*ll|v^T3rCTM2h±gS. # -b n/itgSI& 1 00 m L^NS-2tgtt5iDHC Jitt U s IPTG^^^/JD 

$fflBa^0.2M ^':n>ifNa bu I fer (pHS. 5) tlSii L . n.'^mz ^ mW^Wi^L tz. z<r)W. 
P+^?R^}I'i:^^'>fi|f Jiit^InliRL Original SHNL. Ac tmt-00 1 1 2-SHNLI^^i«^ ff-fc, 
\k(^mmt^\\l\\ii\ SHNLij^vt&liftSaU/inL? > ^'S^S?. Olmg/iL Ac tmt-OO ; ( 2-SHNL** 
vl§'l±f431U/inL? > i'Siil^e. 65ini!/mlT-S>o to 
[ 0 0 6 6 ] 

2 ) ^^-j&^/jDtftfafi 

Original SHNL. Ac tmt-O 0 II 2-SHNL^^)ft 2 0 0 ;t :n -v K 7 ^ ^ - ^tc A tl . t 
- h -V ^ ck 9 ^^-jRiajb^eO'C t ^rS ck 7 /jDi^Lfc. 3flinin$lc jI/Cn^^BI L . > 7' 
^i-^IOm L-f olHlJiXL. I^^)!!'!*. ? > ^Vi' iilt ^tJ E L t „ 

[ 0 0 6 7 ] 
2 • ^SftM^ 

1 ) nw'^'^. 

Original SHNLli^Dj^it IS 1. 5hT-vf§tt **4^3fi!t L ic L . Actiiit-00112-SHNLlS^nMit 

n\.^\iX'^n%<n'^^t^nnLx\^rz (1^4) , 

[0 0 6 8] 

2) 9y^<i;^]^%^ 

If "bii/i^^ -^'i-^SDS-PAGElc J: f^?*f L to SDS-PAGE<?>^m (05 ) Jb-'b. OhC^nii 
T-a. Original SHNL t Ac tint-0 0 1 1 2-SHNLl, . ±mM\Z^^-t i> 9 y ^ %i3^^ y ■:r ,i ^ 

t^hy^.ik^fix\^hz)ii3^mhh^ti-£'ytz. 

[ 0 0 6 9 ] 

;jnmi^^lhlciJlt-SActmt-00:i2-SHNL-^>:^^i^'t^<7) 5'>/N-i'MSlSii4. 25ing/iDLT'3^ *) 
. i50Sfi«o64%$TJ5!t'>L-t i^t (*2) = :/ini^^|^lhlcfett-5Actmt-00:i2-SHNL<7) 

n-w'^^xtinm-xsh-ytz. trzt^^x. Actnit-oi]ii2-sHNLjj. it^mmmiz^ ^mmi^ 

•\i^nntrz^t±mi^lz\b^-t^9y^<9nt:^<iX'^^Zbh*mhi}-lz^j:^rz, Orig 
inal SHNHcoi^Tliv IhJcfelt* 5^ > .SSJt*M. 2]ing/iDLT«> *) . -i9]aB<?) 63% * TJsIt 
i!'^ U 1 1 c;><?> ^ ]^ VS- 'I* li 6 0 % S T- iBK L t , 
[ 0 0 7 0 ] 



60t:MMSJ'*5^j--&^^tt, ^^rS^'>A^jmm (mg/mL-s ample) l^-fk 





Original SHNL 


Actint-O0It2-SHNL 


Oh 


7.01 




6.65 




Ih 


4.21 


(61) 


4^5 


(83) 


2h 


3.37 


(35) 


4.14 


(73) 



[ 0 0 7 1 ] 

W±=k^. Original SHNLIJ. 6 0'C<D/in|^3(!LllT-lift!l<^«?t 5' > g «lc^14. ^ 
[0 0 7 2 ] 

^mm4 : Actnit-0fll(2-SHNL<?)'^^>Si«ifim 

m^mm'&t'h^, Ltzt^-^X. Actmt-00lf2-SHNLli%fi-;§^^tcH-t?.$S'l±tfS]±LT 
v^-SlT^I'tti^^^S. 3(?)/ia6Aclint-001f2-SHNLc;>^ft|-g^iiit'lilcffl-r-6l^rt^ff ofc, 

[ 0 0 7 3 ] 
1 . *Sft:^^a 

1 ) umk<^'Mm 

So Lf::)!3''o T±lfic?>-H- > V >i ^ il-^ fk'^T >i ^ $ > J; >y 7 t - T- # #( L . 
^T<?)^>-/'U^^S&tt.fft44:i9 (U/mL) . It?g#.fft6. 50 (U/rag) TMI £ . ^$1 ^ > ^< ^' 

mw^mm^h-^m^Lrz, 

[0 0 7 4 ] 

2 ) ^fs^s^^i^aii 

[ 0 0 7 5 ] 
2 . ^MM« 

Actint-00112-SHNLttOriginal SHNL i: itl5 L T . x. 9 ; - ^UC it L T im ^ <?> iSt '14 T- 
o/ift' (0 6 A) . i5^Stx^;UcjhrtTttifit'lt*#1--5 C tib'Bfl.^,*-^ ^Tofc (06 B) 

[ 0 0 7 6 ] 

^SiE^J5 : Aclnit-0ni2-SH.NHc J: ^Tt^^^a-ttv T ; k h* ><7)i!j@ . 

SHNLttT T'b h- feck If ^ h > t»i&<?>/xP&*ft!fei^ L . 7t^S#.4"x r ; t H 'J 
fiS^-r-S^lfeT-JbSo Actnit-fl01[2-SHNL<?)±iejxP5lcjht-f ^jijil^^g^. Original SHNLi:<^ 
\tm\Z^*)il^Mtrz, 
[ 0 0 7 7 ] 

1 . ^lyt^v* 
1 ) g?^i^li«l 

BL21 (DE3)/pET21a/0r iginal SHNLfe J; £/BL2 1 (DE3) /pET2 1 a/SHNL-Ac tnit 00 1 1 2^ L . 



x>gi^ h "J t7A^N--v 7 T- (pH5. 5) tHi^ffi^xnmmLrz^. mB'Scmmmm-^^ 

+ h -J ':7^s/N--V 7 T - (pH5. 5) ^^Dx.. M^«7)>$'|i^T^^7) J; 7 ij ^ ^c. liSIL^c!^ 

[0 0 7 81 





Stt^iCU/mL) 




Original SHNL 


250 


31.02 


Actnit-001f2-SHNL 


250 


27.16 



[ 0 0 7 9 ] 

2 ) P^^/xPC: 

1. uu<Dm-^mmLrzi-rf^jo > ^^ux-t^;m. 492111HCO. 2M^'x>it/«c-7 7 r - (phs. 

*Sl.it^«:lclxli;iS4nil^[EliiXU/z. ^A^m^ M C mi'kn fzm/ [-^ ^ >i ^^>i:!z- 
•=5" ^^7Si^^|a]M■3s^ L . -<> Xt ;u ^ t K ^ [iJfi-^^D L T . U^UZ^'k'ii ^ Tz, jxP5^*D 
li^^^lcix)S-itt5inl^[5li|XL/i„ zc^ixf&jtf'P^ii »)Mt^fvK If 1 1 [El<7)»^/xf&^^f o 

[ 0 0 8 0 ] 

. 2 . ^Si^,^^^ 

mm^U^. Actrat-001 12-SHNLlJ. Original SHNL i: fl] i; ixPEiSftTS-^ > ^=^0 h -nu 
^;tfi^L/3c Z<n'i^^ii-h. Actnil-00n2-SHNLJi7t<¥^vl^'l4 >- T ; t K V > -^.(a^lc iJV-^T Or 
iginal SHNL i: im^^o U T S C i: ft'H^ ^ i: ^tC^I* •) ai-T Z i: IC J: 

mKDnt^m'^fj^X'Sh'ytz. (0 8A)o 

[ 0 0 8 1 ] 

ix f5 1 1 0 i O jxltv^oi ^ tt$i L rz i: Z ^ . A c tm t - 0 0 1 f 2-SHNL<7> n 3b*Jx ^ 1 0 % ^ g 
M < =5:0 /c (m 8 B), ZcOjIHtLT. iflimi±»?^ActiDl-0flll2-SHNLl±. imtt /z It T 
< . lS^Jx)SI^T•(?)^E•li4Ji«I±LTv^€.5r^'l4 6*^>^ i:%£^tlfc. 
[ 0 0 8 2 ] 

Ac trat-OOl 12-SHNLliOr iginal SHNL i: fB] C ±jg '14. jit;tT-7t<^V$tt ^ T ; t H 'J > 
[0 0 8 3 ] 

HiifiJ 6 : BL2I (DE3)/pET21a/SHNL-165Cluc7)ft:|!l 
lWm'l4^I^SHNL-Actnil001(2lif iOT 5 ; ^le^U co 1 6 5S U )b»i&'|±T 5 ; ie^OT x^n* 7 ^ 

ym\zn.Bmi.^nx\^tzo ^czx. loSSg^^T 5 ; ge^. laH;i^'l+.T5 ;itT-*5 r 

lf^BL21 (DE3)/pET2ia/SHNL-16 5Clu%f^l!lLrc. 

[ 0 0 8 4 ] 
1 . ^^ilA 

%%^\ 1 i:|R]tl. loSirS^T 5 ; |^<;5K^lc ti. QuickCiiange XL Site-Directed Muta 
genesis Kit (STRATAGENE^LLIU) i^ffl fz, h L T pET2 1 a/Or i g i na I SHNL^'^xSKiO 



Forward primer: 5 ' -CCT CAA AAC CTG TTC ACC AAA TGC ACT CAT GAA CAA TAT CAA CTG 

GCA AAA ATG-3 ' (BC^iJS^ 1 3 ) 

Reverse primer: 5 ' -CAT TTT TCC CAC TTC ATA TTC TTC ATC ACT CCA TTT CCT CAA CAC 

CTT TTC ACG-3 ' (ffiJiJH^ 1 4 ) 
[0 0 8 5] 

2. mnm^ 

m^^'kmiiifm^-t^ z tx-umMn\H-i^mu<^zci}*kk\zi^n^fix\^im-kmmi'rz 

, Cc^t^cfe 0 ^7 X 5 KpET21a/SHNL-lo5Clu^ia$y L. a > f x > h -fe ^i. BL2 i-DE3 ( Nova 

3 ) /p ET 2 h/SHN L- : 6 5 C I u * il L . 
[ 0 0 8 6 1 

SHNL<7)T 5 ;^se5iji6 5aia^+$^ ^risfi<;>T 5 jm\zw.]^L. ^iiij^micDmm^iz 
t<7)^^\z^m-f?>(^ii'-^BULrzo 

[0 0 8 7] 

1 . 

^]5iE15"J 1 fc* ^HlKEIJiJ 6 tc Lfzibn^ QuickChange XL Site-Directed Mutagenesis kit 
(STRATAGENE) ^fflv^T 165G1 y-^<?5^^a| A^^f VXT ^^mn^k f^ML fz, 

i) .DH5a/DKK2 2 3-2/ Ac ImtOOl (2-Glu ( 1«5t 5 ^ f^ij^^'i 9 ^ymizK^) 

ii) DH5a/pKK2 23-3/ Ac tmtOO 1 1 2-Lys (165T 5 J Wtb* i^*>lcg«|) 

iii) DH5a/pKK2 2 3-3/ ActmtOO: I2-Ar8 (165T5 J mt^T >i ^ - y izW^m) 

iv) DH5a/pKK2 2 3-3/ ActmtOOl (2-Ala ( 165t 5 J mt^'T ^ - y \zM.m) 

^ 'I 9 ^ ym\tT ^ymtmn. m^n^^t^-or ^ j ieT-^^s. r^u 

. DH5a/pKK2 2 3-3/ Ac imt 00 1 1 2-SHNLiJ J: VOr i « i d a I SHNL^^b-tt f::^n|-6t*%fflv^T . 

%Mm2 tmn<nii'iii'^i\m^m'^'ir'orz. 

[ 0 0 8 8] 

^umiizLTzt^^xmn-Mm-^'ir^rz^^. ^^mur^x^ntzr 5 jmnm<r>'^ 

S<;5aiuiCc): > < l'^<rymm-)^^^9 -y^^^Ltz (H 9 ) , 

lH\nX''(^^i^Ui\3:Tc^\zW^, ')x\%\^i\ mit]tmLX'mhi}-\zmm^t^^-f Ltz. 

2 ) 4"I±T 5 ; m (Ala) --scogm : 

Original SHNL(165Gly. 4^14) tnn.(^m^xmm^l3^^J L fz. 

3 ) Wc^T 5 ; Wc (Clu) '\<7)Sm : 

Actiiit-00n2-SHNL CeSAsp. fSt^) J:«t?(mi:^N-5'->T>^14)b'5gfl:Lfc. 3a<?)T 5 

[ 0 0 8 9 ] 

w±<7^^^=fe . io5Su<75T 5 ^ ^ft^it'iiT 5 ; m\zm.m^iirz^%%mix\tmm'&. 
KL. JS«i*T5 J m\zKm^ ntz^^mvx\tmzmm¥t.t^±% <u,'M-^i>z tt^ 

mht3-t^j:^rz. 
[ 0 0 9 0 ] 

la 1 0 lcSHNL<?)EiX;L*iii^^1- (ia4'5!rv^gP5yttl65GlK ^v^gP^^H21Lys*^-t) 
„ SHNLU*^ 9' ^-7- t LXWtf. L . Wagner ^D^^ (Mechani sm of cyanogenes i s : the 
crystal structure o( hydronni tr i le lyase Irom Hevea brasilinsis Structure 1356 
VoU No7) IC J:tllfs lo5ClyliD3 ' (162-1/3) t^itili-^ '} v 9 7.<r>m^T 5 ; St 



T'hh. amilj^r ^^--^Bfi^-r^W. ftH^coSHNl^ ; •7-<;><^ .y ^A(15-28 
) J: ^ - h 2 ( 3 2 - 3 6 ) i:iS^t-5^^ST*>S. Gl y^Asp'N<7)3^ ftlc J: »> . D3 * 
cOlgf^^i^?/. ■^') y XAte* |3 - h 2<?) + <:0T 5 ;flE?5S (2 0His. 2ILjs. 2 3Lys 

[ 0 0 9 1 1 
%mn 8 : 'J «v ^ XD3 • cot&Xi^M 

'J >y ;^D3 ' ( 1 5 3-1 7 4 ) 6 5-1/3 tT- COT 5 ; . 'j -v ^' ;?.A^0 1 7-2 1 * T<?) t 
5 ; i^h li^^-t-S i 7lcieg^ti. fiMLTo^. c n E FrI <?> . ft!lco4«1±T 5 

PI 1 1 J: 7 iCilM^^^ LT. S^lt^-iJ^LA::^^. Leu 1 6 Hi H i s 2 0 i: L T •? . 
r:: 1 7 2 . 1 7 3 «tLys23 ( Trpl7, AU16. Ala35) (r>T&m\zptE-t ^ Z tt^ht^-^rzo ^ ZX' 

. z<r>i-:><r>3i^t:miiT ^ jmr-mmL. mmi^^ mmm <7)^it^^rz, «ru. ^ 

let 7 -:'3<?>t ; v-tfo--^ y xAMIS!b*ifev^ d-ot*) i^teliji^llijicpieg ^ tiTu 
4) 1 6 3 . 1 6 7 l±3(^ L =5:6^0 /i. 
[0 0 9 2 ] 

1 . mmiom 

QuickChange XL Site-Directed Mutagenesis Kit (STRATAGENEatH) ^ffl v->T . SHNLjt 
fe^c^Leul69. Met[72. Va II 73^ ^ tl f tlAspfc =k VGl utc L fcc J^v^T*. f tlftl^ 
cSCSififeT^^BfetfiJ 1 tfBjIttc LT. pET21a^ ^ 9-\zm^'^. i^mmi. coli BL21 (DE 

umtfz. 

[ 0 0 9 3 1 

'tX^^Xs l.i^m'i^m.lz^ifs.mT >i ^ ^ y . ^x>^Na Buf[er^^n;c. ±x <7) y y' 'i- 
<D9 y ^nnm. Sttm. ]t'i^^ii.t:m^rz, ^Sfe^J 2±?J: 3 ic L/i*nK §3(5^^ 
^^^Wiatk^^-aiELfc (ffl«60rT^l^i!!iil.L. Ih^tc^S'HkSIJ^) c 
[ 0 0 9 4 1 

2. 

1 ) ^ y y >i(r>'i^^ig 







%1^M(U/inl) 


tfcStt(U/mg) 


QtisnalSHNL 


7.74 


86.81 


11.21 


Actn4Wlf2-5HNL 


7.74 


85.68 


11.07 


172Asp 


4.89 


55.17 


11.29 


172Q1U 


8.24 


59.59 


9.55 


173Asp 


4.91 


40.31 


8.21 


173GIU 


5.36 


46^ 


8.74 



[ 0 0 9 5 1 

169ASP, GlulJ. ^\m'^'\±li^<r>^y-:fjit\a\^l:X±.xf>'yrzt'. HA^^rlittx ^ u x 

cn^. ?%jg#) xM>m\z ^'i^Lrzfzib. mm^<r>mM\in!b^£K^ziititz. mm<^m 
i^tt^rijE-t^Ji^. ^yy'i'p<r>nn9y^<pni}^^mmi^LxmB. ^^Hf^mm^ 

7 7T-T'#i^L, ^T<75-^> ^/n&>$'|ift28. 8 (U/mL) . itS'lift 8. 2 : (U/mg) . 9 > a 



Original SHNL<^Met : /2. Va 1 : As pfe J: J/ C 1 uT-gJi L T ^ "b tl/iiX^S^H^T . 0 
ri«inal SHNLi: JtKLT^ LuiiHllft1±<?)i&T^^ U^c (012). 
[ 0 0 9 6 ] 

ZcoU^^"). ^EmnirzUaiU. Vall/3<?> 2 o-f n4;SHNL<7>il[M'lilc 

fSSht)^<r)m*1'&tX\>^ ^ Z tii^m^iJ^t-^ji'^rz, trz. original SHNLtfOLeul59^Asp*f J: 
^^GIuT♦gmLT#•bnfcSC^^^^=t¥Lu$^'|^^^i&T^^L/z. 4lHl^SC^@inff 
6. Original SHNL (Se^OS^ 1 ) coLeuJK Me 117 2. Va 1 1 7 3 li^T 4"li t 5 J 

mx'h^, zn<hti^m'\^.x-3h^Wcn.T ^ jwt-^&i^^fi. mmM^^^tfztui z tit 
ip-^. nm^<7^VKmx'mi<pymm^\z^^Lx^^rzt%x.hfi^, 

[ 0 0 9 7 1 

tzm^LXK^h tmhilh. ili^mMt^^lt. Leul6<l. Va II 73tt t 7 -':^<?) 5^ ^ v- <;> ; 6 
5. 173i:it|gfl5iStgL--tfc •) . Metl72li-« V v ^ 7.ht ^ >- - h 2^ i^fl^^f S * ^ 
h^^iOlijtfc*}|(ll6*A 0 iA^T•v^^,o Z<?>*^ -V K ^fiStJJg^liT 5 ^ietAlalo. Trp:7 
. . Al a3 5<7) ^^S'FiT 5 ^ ieT-^tfi^ 5 tiT ^ . Me 1 1 7 2{± C n ^SI^t = Jmtc^mS.^ 

miz^*) mm^iz^^Lx\,^rzt%z.^fii. ]iXh^*). -^^j ^ T^n' ^mzt7U-t?> 
^<i&$fLrzo 

[0 0 9 8] 

±.&<r> tH*). >v ^ XD3 ' «flii:^<7>SHNLt J ^-co-^') V 9 XAi5 J; ^ ^ - h 2<?> 
XA. tTckZ/f |3>'-h26'0^-r'5t>^'V M;^^af^<75|ittHSHNL<r)^'mv5tt (jW^fttt) Ic 
Miifb-t^ 3 t ic i ^ . SH.U<;)iWM'lt^*m>^^lllit'l4^[S]±5-fr§ Z i: **T- S -5 
[ 0 0 9 9 ] 

HiilW 9 : BL21 (DE3)/pET2 1 a/SD173-l e9<?>fKilll 
SHNL^TS ;geffi5'iJ17 3SS<^T5 ; Va I *^ "b Leulc gf^l L- . n SHNL <^ It fettle 

[0 1 0 0] 

1 . $^^A 

l^fiS^J 1 teJ: Z^f^fitefJ 6 L;t/?n^, QuickChange XL Site-Directed Mutagenesis kit 
(STRATACENE) ^fflv^T 173SH<?)T 5 ; fiS&% Le ulc L f;SHNL (PK^US^ 1 6 ) 

[0101] 

LTpET21 a/Original SHNL 7 X 5 1 0 u ^fflvK Tie<7>t 'J =fDNA^ 7' 7 

Forward primer : 5 ' -GCC CAA TAT GAA CTG GCA AAA ATG NNN ATG CGC AAG GGC TOT CTG- 
3 * (ge?lJ«^ 17) 

Reverse primer : 5 ' -GAG AGA GCC CTT GCG CAT NNN CAT TTT TGC GAG TTC ATA TTC GCC- 
3 ' (Ifi^iJS^ 1 8 ) 
[0 10 21 

2. J^Mfe«li:jWI»ttT7-b ^ 

#^n/i$yp8g?^5?i5i(ifPCR^!t^^iR] c < V i^m<^^y ^'^y k ■fe^bXL-:ocoidicff^ 

Hl^mL. LB (Amp) -y" ~ h Lizn^ntz^ti ---^^xn ihmt) -i^i^i^mz^Mirz 
, ZOl^iiJfti: ^ ^7 7v 5 H pET21a/SD173-lNNNMutants$l^iiL . =1 > f K -fe BL21 
- -DE3 (NovagenttiJ) ic Jf^H^m t BL2 1 (DE3) /pET2 1 a/SDl 73-1 NNNMu t an t st*^ f1^fi^ L 



[0 10 31 

<7)BL21(DE3)/pET2 la/SDH 3-1 NNNMut an t s t^^Mlft WT JrS^ L . tS^vlK^ f tlf ilini 

K -v 7 T- (pH5.5) 2u ixiT-nrnw i^fz^. m^'t^m^^^^mx-mm^ 
m^^i'trz. mmi^^^'^i^autm. 5niin<?)^frT-3i'ii^^it mmm^'tk'&urz, zcom 

, CiO,^m^l^^t®'l4^-f3 LTt^fcBL21 (DE3)/pET21a/SD173-:e9fl!l3**^iiiitl^t*i: LT 

jg}SL/i, mtk^ nrzn-^^^ --Yiit. nhnrz?cmf^-^mmtLxiy-'ry:^!xm 

^n-ytz. ZflhlxZ^^j^mMf ^ *) . BL21 (DE3)/pET21a/SDl?3-;eHiii^E?iJ51?-519m 
U<7>GTT(V} i?nTG(L) icffi'^^ 1 7 3§ tJ <^ 'J > )b* n ^ ^ > JC gJII ^ ^ Z i: 

)tj^ t 4- o (K^OSr-? 1 5 ) o ft!l<7)3t*t^TlJ3Val-Leuc^^St*T-jr)of^o 
[0104] 

^mmi 0 : BL2: (DE3)/pET21a/SDl/3-leS<oliitl^ttl?ffi 
BL21 (DE3)/iiET21a/SDr/3-le3<5orrtfS^tt*Ori«inaI SHNLte J: tfActmt Lot 001 -f 2 i:lt«tL 

[0 1 0 5] 

1 . mmio'i^. 
1 ) m7^^<^mm 

:»^l}|iaBL21 (DE3)/pET21a/Or iginal SHNL. BL2 1 (DE 3) /pET2 1 a/Ac tin t-0 0 : 1 2-SHNL. BL2;( 
DE3)/pET21a/SDn3-le9 SHNL^ f ti -? nLBtgtt^ml ^ ffl T 3 TC T- 1 21itg« t /i. U^tifz 
iS^i«100M L^NS-2tgtt5inUcJi^|i L . iPTC^i^^D L T 20*C . eOhT'tg^^^f o /i, 
TmiS^ift^ii'C^^ilL. HBIia^lHliR t/z. c ^^fflHa^O. 2M^' x> fleNa buf f er (pH6. 5) tc 

SHNL. Actint-flO:i2-SHNLfc=}: SDl?3-:e9 SHNL»^v«t^#/2, ±.B<7^ ^ y y' >i ^ fi^- 
fi^'lkm'r >i ^ ^ y fkZ/ y y r -X-^UL . ^Tco^> ^vl^ttMl?. 6 (U/mL) . it 
V$'I4M4. 5 (U/in«). > ^' ^1^3. 9 (mg/mL) T'ji;t. 9 y ^</)^m^mm^ij^ 
hm^^tfz. 

[0 10 6] 
2 ) ^m^<r>MM 
Original SHNL. Ac tml-0 0 1 1 2-SHNL^I^}S 2 0 0 m x -y > H v ^ 3. - ^IC Atl . t 

>y;u^|nIiRL. J^H^v^tt^iiJ^LZz (01 4) „ 
[0 10 7] 

-e^o^m. iaa-'^-^ ^^u^fl^lctev^T. ji^l^Vi§'l±i[)»#ili!tL/2/in^jl)^tiOriginal SHNL 
*«6flt T-3r>o rj<7)icJ(t t . SDr/3-1 SHNLij J:^/ActiiitLot001-(2T-lil)5°CftiaT*) 0 . Orig 
inal SMUzLtmLX^V/C<f)mm^i^±.i)''^^nrz. W±<7>^mJ:0. SDH3-: SHNL It 
> Ac tnitLo toe l-(2 i: lsI^coiW^'l4^^i-^ c i: jb*B^ ^, i,^ t )5r o /i. 
[0 10 8] 

SHNL<7)l?3Sg<50T $ ; lltVaHi. 5^ v-fl^RSll^JciJoT . =tj 7 ->/j</>t ; 5 
v'ieValtiifgLTv^?) (3fcSSl9ll<;)S§Blft«*^4. r A h a--^) . Val-*Leu<^Sfi|{c 

K^^\zw^^-t^ztX'^m\si±<7)imi]'mt^. im^T^ j mmmmi:<nmA^^nKi^ 

[0 10 9] 

:*:|&B/]fi0 3C^MSHNLl±. Original SmitltmLxmmik^tmmmm'\t\zi^n. ij^-oO 
riginal SHNLi: |B]|t(?)4^$^4^. >t^i^^T->t^7^'tt ^ T ; t K > ^ ^li^T § -5 ^ 

. :^mn<^^^mmi\ii§i^ xmmiznmx^ ^tzib. n^f<3^j:mm:t±mt)^^mx' 



[Olio] 

[0 1] 0 Original SHNLi: Actmt-001 l2-SHNL<7)l^t JfT -5 ^Stt^ttSB^ L 
r 7 7 T- ^ , 

1132] III2tt. Original SHNL i: Ac lit-Ofl [(2-SHNL<7)^j^^l{liI :/ ^ ;k;)SDS-PAGE 

[03] I33li. Original SHNL t Actmt-OOl l2-SHNL<^^lft3!aiI-^> ^'K?5 5' > 

[1^4] PI4a. Original SHNL i: Actmt-flfl l[2-SHNL</)mic}t-r S $S#.*tt:^ L 

IPI51 P15tt. Original SHNL i: Ac tm t-Ofl 1 ( 2-SHNL^7)^|Aiiai|. •►^ > ^l- ( Kit) <r>S 
DS-P AGE fc J: ^ jW*f % 7n -f '-^'B T S . 

[0 6] 06 a. Actnit-00;i2-SHNL<?>*tlS>SiSW'l4^^-ri^7 7T**>S (A:x?; 
[0 7] 07 [J. Actint-00:i2-SHNL<^^OjgLJxlSlc*>ltS/xFE;ilt^H<^S-v>^ 
[08] 08a. Actint-00;i2-SHNL<?>^ jg LJxfE[cA>(t-5-^> Xt^I. T't HK}||^ 

o 

[0 101 0 1 0 a. SHNLc^H)X7C^iii^^-t0T-i)-5 (# : 165Cly. M : 2:Lys^ 

[0 1 1] 0 1 1 a. SHNL dinier<?>^^g|5i!ifCfctt§T = ; mmm^M.m^^'t (0 

[0 12] 0 1 2 IS. -^') -y ^ ^D3llts!i<?)T 5 if ^ gJ^I L ^c3C^^SHNL<?>/jdMJc <}; 

[013] 013a. ^ + -v (Manihot esculent a) i^^X/^^y^UJ^ (Hevea 

bras i I iensis) ili 5|5SHNL<7) t 3 ; itKi«J^T 7^>>>hLfc0T'*.S.. 

[014] 0 1 4 a. Original SHNL. Ac tmt-O 0 1 1 2-SHNL. SDl 73- 1 e 9c7)iHc -S $ 

[0111] 

ffi^Jfl^ 5 -165S<?)Gly^AspT-att! L^cCR^llSH.NL^rr- h'-tSDNA 

K^JS^e -165S<7)Gly^AsD-ei:if Lfcec^MSHNL 

ffi^iJlt-^ 7 -165S<7)Cly^CluTS}^ L/iiSt'^^SHNL^=i- K-fSDNA 

iffi^ij S 8 - 1 6 5 G I y ^ C I uT am L BC'^^ SHNL 

SCJiJif-^ 9 - AXSCJ^iJiOfibH : y 7 'f -7- 

ffi^US-^ 1 0 -AXBe?iJ<7)ifeBfl : ^7 V- 

@e?us^ 1 1 -Axmn<nwim : ^7 ^ 
se^um^ 1 2- ATMn<^Mm -.-fyi-^- 
w.nm'^ \ z- KiM.n<r)m)\'. y 

ffiJ'JS-^ 1 4 - AT.KJiJco^B^ : y 7 ^ V- 

SfifiJffi^ 1 5 -n3S<^Val%LeuT'amL/;S^MSHNL*3- h'-t-SDNA 
Se^Ua^ 1 6 -l?3S<7)Val^LeuT-g«ILfc3C$SSHNL 
E3^iJli^ 1 7 -AIiei'iJ<7)iaBn : 7-7 V- 

le^US^- 1 8 -AXSe?iJ<7)lfeD^ : -fy^•^~ 



SEQUENCE LISTING 



<llfl> NIPPON SHOKUBAl CO. , LTD. 

Incorporated Administrative Agency. 

National Institute ol Technolon' and Evaluation 

<120> Novel Thermostable S-Hydroxyn i t r i I e lyase 

<I30> P04-01H 

<140> 
<141> 

<160> 18 

<1?0> Patentin Ver. 2. 1 

<210>-1 

<211> 111 
<212> DNA 

<213> Manihot esculeota 
< 2 2 0 > 

<223> Inventor: lchije> Eita;- Semba. Hisashi: Shiiuku- Toshiaki: Harayama. Sbige 
aki 

<220> • 
<221> CDS 
<222> (I).. (Ill) 

<400> 1 

ili gtt act eca cac ttc gtt ctg att cac acc att tgt cac ggc gca 48 
Met Val Thr Ala His Phe Val Leu lie His Thr Me Cys His Gly Ala 



S 10 



• C 

- 0 



tgg att in cac aaa ctg aaa ccg gcc ctg gaa cgt get ggc cac aaa S6 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

gtt act gca ctg gac alg gca gcc agt ggc alt gac ccg cgt caa att 144 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin lie 

35 40 45 

gaa cag ate aac tct ttc gat gaa tac tct gaa ccg ctg ctg act ttc 192 

Clu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate att gtt ggt gaa age 240 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val He lie Val Gly Glu Ser 



65 



70 



?5 



80 



t g t gc a uc c Ig a a c a 1 1 gel a 1 1 
Cn Ala Ciy Leu Asn lie Ala lie 
85 



get get gat eg t t ac g 1 1 gae a aa 
Ala Ala Asp Arg Tyr Va I Asp Lys 

8 0 9 5 



288 



all gca gel ggc gll 
lie Ala Ala Gly Val 

100 



lie cac aac tec clg clg ccg gae ace gll cac 
Phe His Asn Ser Leu Leu Pro Asp Thr Val His 
105 110 



336 



age ccg let lae act gll gaa aag ctg clg gaa teg ttc eeg gae tgg 
Ser Pro Ser Tyr Thr Val &lu Lys Leu Leu Glu Ser Phe Pro Asp Trp 
115 :20 125 



384 



eg I gae 
Arg Asp 
130 



aca gaa 
Thr 



tat ttc acg 



Glu Tyr Phe Thr 

135 



I tc ace 
Phe Thr 



aac 
Asn 



ate 
lie 



act 
Thr 
HO 



ggc gaa 
Gly Glu 



ace 
Thr 



a tc 
lie 



432 



acl acc aU aaa cU ggt tic gll 
Thr Thr Met Lys Leu Gly Phe Val 



145 



50 



clg clg cgl gaa aac clg tic acc 
Leu Leu Arg Glu Asn Leu Phe Thr 



155 



160 



480 



aaa Igc act gal ggc gaa 
Lys Cys Thr Asp Gly Glu 
165 



tat gaa clg gca aaa a t g g 1 1 a I g e g c a a g . 528 
Tyr Glu Leu Ala Lys Mel Val Mel Arg Lys 

:70 175 



ggc tcl ctg ttc caa aac gtt 
Gly. Ser Leu Phe Gin Asn Val 
180 



ctg get cag cgl ccg aag tic act gaa 
Leu Ala Gin Arg Pro Lys Phe Thr Glu 
185 190 



576 



aaa ggc lae ggc let ate aag aaa gtt tat all tgg 
Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr lie Trp 
195 200 



ace gal caa gae 
Thr Asp Gin Asp 
205 



624 



aaa ala tie ctg ccg gae lie caa cgc tgg caa alt 
Lys Me Phe Leu Pro Asp Phe Gin Arg Trp CIn lie 
210 215 220 



gca aac tac aaa 
Ala Asn Tyr Lys 



672 



ccg gae aag gll tat 
Pro Asp Lys Val Tyr 
225 



cag gll caa gge ggc gat cac 
Gin Val Gin Gly Gly Asp His 



230 



235 



aag ctg cag ctg 
Lys Leu Gin Leu 
240 



720 



aca aaa 
Thr Lys 



a c t 
Thr 



gaa gaa 
Glu Glu 
245 



g t a 
Val 



gel cac all 
Ala His lie 



clg 
Leu 
250 



caa gaa 
Gin Glu 



gtt 
Val 



get gal g e a 
Ala Asp Ala 
255 



768 



I ac gc I I aa 
Tyr Ala 



in. 



<210> 2 
<2I1> 258 

<212> PRT 

<213> Manihot escul enta 

<4fl0> 2 

Met Val Thr Ala His. Phe V'al Leu Me His Tiir lie Cys His Gly Ala 

15 10 :5 

Trp lie Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly Me Asp Pro Arg Gin Me 

35 40 45 

Glo Gin Me Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Lys Leu Pro CIn Cly Glu Lys Val Me lie Val Gly Glu Ser 
65 70 ■ ?5 80 

Cys Ala Gly Leu Asn lie Ala Me Ala Ala Asp Arg Tyr Val Asp Lys 

85 8 0 J 5 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 ;20 125 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr Gly Glu Thr Me 

130 135 140. 

Thr Thr Met Lys Leu Cly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 
145 ;50 ■ 155 160 

Lys Cys Thr Asp Gly Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 

16 5 ; 7 0 1 ? 5 

Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 

180 185 190 

Lys Gly Tyr Gly Ser lie Lys Lys Val Tyr Me Trp Thr Asp Gin Asp 



195 200 20 



Lys Me Phe Leu Pro Asp Phe Gin Arg Trp Gin Me Ala Asn Tyr Lys 

210 215 220 

Fro Asp Lys Val Tyr Cln Val Gin Gly Gly Asp His Lys Leu Gin Leu 
225 230 ' 235 240 

Thr Lys Thr Glu Glu Val Ala His Me Leu Gin Glu Val Ala Asp Ala 
245 250 255 

Tyr Ala 



<21fl> 3 

<211> lU 

<212> DNA 

<2 1 3> Hevea br as i I i ens i s 

< 2 2 0 > 
<221> CDS 
<222> (1).. (774) 



<400> 3 

a t g id 1 1 c get cat 1 1 1 e 1 1 c 1 1 a 1 1 cat a c c a t a t g c c a c s g t g c a. U 

Met Ala Phe Ala His Fhe Val Leu lie His Thr lie Cys His Gly Ala 

1 5 10 15 

tgg alt Igg cac aag etc aaa ecc etc ctl gag gca ctt ggc eac aag 96 

Trp lie Trp His Lys Leu Lys Pro Leu Leu Glu Ala Leu Cly His Lys 

20 25 30 

gtt act gca ctg gac ctt gca gca age ggc git gac cca agg caa alt 144 

Val Thr Ala Leu Asp Leu Ala Ala Ser Gly Val Asp Pro Arg Gin lie 

35 4 0 45 

gag gag atl ggc tea tit gal gag lat let gaa ccc tig Itg acg tie 192 

Glu Glu lie Gly Ser Phe Asp Glu Tyr Ser Glu Fro Leu Leu Tbr Phe 

50 55 60 

ttg gag gca etc cet cca ggg gaa aag gtg alt ctg git ggc gag age 240 

Leu Glu Ala Leu Pro Pro Gly Glu Lys Val lie Leu Val Gly Clu Ser 

65 ?0 ?5 80 

Igt gga gga etc aat ata gca atl get get gat aaa tac tgl gaa aag 2U 

Cys Gly Gly Leu Asn lie Ala Me Ala Ala Asp Lys Tyr Cys Glu Lys 

85 90 95 • 

all gca gel gel gtl tic cac aal lea gla llg cca gac ace gag cac 336 

lie Ala Ala Ala Val Phe His Asn Ser Val Leu Pro Asp Thr Glu His 

100 105 110 

Igc cca let lac gtc gig gat aag clc alg gag gig lit ccc gac tgg 384 

Cys Pro Ser Tyr Val Val Asp Lys Leu Met Glu Val Phe Pro Asp Trp 

115 :20 1-25 

aaa gac ace acg tat tit aeg tac act aaa gat ggc aag gag ata act 432 

Lys Asp Thr Thr Tyr Phe Thr Tyr Thr Lys Asp Gly Lys Glu lie Thr 

130 135 140 

gga Itg aaa ctg ggc tic acg ell ctg agg gaa aal Ita tal ace ctt 480 

Gly Leu Lys Leu Cly Phe Thr Leu Leu Arg Glu Asn Leu Tyr Thr Leu 

145 :50 155 160 

t g c g g I eel gag gaa tat gaa ctg g c g aag alg ttg a c a agg aag gga 528 

Cys Gly Pro Glu Glu Tyr Glu Leu Ala Lys Met Leu Thr Arg Lys Gly 

165 ;?o 1?5 

t c a. 1 1 a tit caa aat alt Ita get aag e g a tea tic 1 1 c act aag gaa 576 

Ser Leu Phe Gin Asn lie Leu Ala Lys Arg Pro Phe Phe Thr Lys Glu 

180 185 . 190 



ggt tac gga 

Cly Tir Gly 

- 195 

ata ttt l(a 

lie Phe Leu 
210 

g ac a a g g 1 1 

Asp Lys Val 
225 

aag act aag 

Lys Thr Lys 



aat tga 
Asn 



<210> 4 

<211> 257 

<212> PRT 

<213> Hevea 

<400> 4 
Met Ala Phe 
1 

Trp Me Trp 

Val Thr Ala 

35 

Glu Glu lie 
50 

Leu Glu Ala 

65 

Cys Cly Gly 

lie Ala Ala 

Cys Pro Ser 

115 

Lys Asp Thr 

130 

Cly Leu Lys 
145- 

Cys Cly Pro 
Ser Leu Phe 



teg alt aag 
Ser lie Lys 



cc I g a a tit 
Pro Glu Phe 



tat aag g Ic 
Tyr Lys Val 
230 

gag ate get 
Glu lie Ala 
245 



a a a a 1 1 tat 

Lys lie Tyr 
2G0 

c a a etc tgg 

Gin Leu Trp 
215 

g a a ggt gg a 

Glu Gly Gly 



gaa itt cte 
Glu lie Leu 



gtg tgg aec 
Val Trp Thr 



eaa ata gaa 

Gin lie Glu 
220 

gat cat aaa 

Asp His Lys 

2 3 5 • 

caa gag gtg 

CIn Glu Val 

250 



gae caa gac 

Asp CIn Asp 
205 

aac tat aaa 

Asn Tyr Lys 

ttg cag ctt 

Leu Gin Leu 



get gat ace 
Ala Asp Thr 

255 



gaa 624 
Glu 



cca 6?2 
Pro 



aca 720 

Thr 

240 

tat 7 6 8, 
Tyr 



br a s i I i en s i s 



Ala His 
5 

His Lys 

20 

Leu Asp 

Gly Ser 

Leu Pro 

Leu AsD 

85 

Ala Val 
100 

Tyr Val 

Thr Tyr 

Leu Gly 

Glu Glu 

16 5 
Gin Asn 
180 



Phe Val 

Leu Lys 

Leu Ala 

Phe Asp 
55 

Pro Cly 

70 

lie Ala 

Phe His 

Val Asp 

Phe Thr 
135 

Phe Thr- 
;50 

Tyr Glu 



Leu lie His Thr lie Cys 
10 

Pro Leu Leu Glu Ala Leu 

25 

Ala Ser Cly Val Asp Pro 

4 0 



Glu Tyr Ser Glu 



Glu Lys Val 



7 5 



45 

Pro Leu 
60 

Leu Val 
Lys Tyr 



lie Ala Ala Asp 

9 0 

Asn Ser Val Leu Pro Asp 
105 



Lys Leu Met Glu 

;2i) 

Tyr Thr Lys Asp 



Leu Leu Arg Glu 
155 

Leu Ala Lys Me t 

:70 



Val Phe 

125 
Cly Lys 
140 

Asn Leu 
Leu Thr 



lie Leu Ala Lys Arg Pro Phe Phe 

185 



His Gly Ala 

;5 

Cly His Lys 
30 

Arg Gin Me 

Leu Thr Phe 

Cly Glu Ser 

80 

Cys Glu Lys 

95 

Thr Glu His 
110 

Pro Asp Trp 

Glu Me Thr 

Tyr Thr Leu 
160 

Arg Lys Cly 

175 

Thr Lys Glu 
190 



Gly Tyr Cly Ser lie 

195 

He Phe Leu Pro Clu 

210 

Asp Lys Val Tyr Lys 

225 

Lys Thr Lys Clu lie 
245 

Asn 



Lys Lys He Tyr Val Trp 

200 

Phe CIn Leu Trp Gin lie 

215 

Val Clu Cly Cly Asp His 
230 235 
Ala Clu lie Leu CIn Clu 
250 



Thr Asp CIn Asp Clu 
205 

Clu Asn Tyr Lys Pro 

220 

Lys Leu CIn Leu Thr 
240 

Val Ala Asp Thr Tyr 
255 



<21fl> 5 
<211> 111 
<212> DNA 

<213> Manihot esculenta 
<2 2 0 > 

<223> cDNA coding (or Modilied SHNL involving 

a replacement ol Cly by Asp at position 165 

<22fl> 
<221> CDS 
<222> (1).. (777) 

<400> 5 

atg iit act gca cac tic gtt ctg att cac acc att tgl cac ggc gca 48 

Met Val Thr Al.a His Phe Val Leu lie His Thr He Cys His Gly Ala 

1 5 ■ 10 :5 

tgg att tgg cac aaa ctg aaa ccg gcc ctggaa cgt get ggc cac aaa 96 
Trp lie Trp His Lys Leu Lys Pro Ala Leu Clu Arg Ala Cly His Lys 
20 25 30 

ett act gca ctg gac atg gca gcc agt ggc att gac ccg cgt caa att 144 
Val Thr Ala Leu Asp Met Ala Ala Ser Gly He Asp Pro Arg Gin lie 
35 4 0 4 5 

gaa cag ate aac tct tic gat gaa tac let gaa ccg ctg ctg act lie 192 
Glu CIn He Asn Ser Phe Asp Clu Tyr Ser Clu Pro Leu Leu Thr Phe 
50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate all gtt ggt gaa age 240 
Leu Clu Lys Leu Fro CIn Gly Clu Lys Val He He Val Cly Glu Ser 
6 5 7 0 



75 



tgl gca ggc ctg aae att gel att eel get gat cgt tac gtt gac aaa 288 
Cys Ala Cly Leu Asn He Ala He Ala Ala Asp Arg Tyr Val Asp Lys 
85 SO 9 5 



ili ua get ggc gtt 
lie Ala Ala Gly Val 

100 



t tc c a c 
Phe 



tec 



aac 

Hi s Asn Ser 
10& 



ctg clg ccg gac ace gtt cac 
Leu Leu Pro Asp Thr Val His 
110 



33f 



age CCS tct 
Ser Pro Ser 
115 



tac act 
Tyr Thr 



gtt 
Val 



gaa aag ctg ctg gaa teg 



Gl u L y s 
120 



Leu Leu Gl u Ser 



t tc ccg gac 
Phe Pro Asj) 
125 



t gg 
Trp 



384 



cgt gac aca gaa tat ttc aeg 
Arg Asp Thr Glu Tyr Phe Thr 
130 135 



ttc a c c aac ate act g g c gaa a c c ate 
Phe Thr Asn lie Thr Gly Clu Thr lie 
HO 



432 



act ace atg aaa etg ggt ttc gtt 
Thr Thr Met Lys Leu Gly Phe Val 

145 :50 



ctg ctg cgt gaa aac ctg ttc ace 
Leu Leu Arg Glu Asn Leu Phe Thr 
155 160 



480 



aaa tgc act gat 
Lys Cys Thr Asp 



gac 
Asp 
165 



gaa tat 
Glu Tyr 



gaa ctg gca aaa 
Glu Leu Ala Lys 

;70 



atg gtt atg cgc a ag 528 
Met Val Met Are Lys 

175 



g g e tct ctg ttc c a a aac gtt 
Gly Ser Leu Phe Gin Asn Val 

180 



ctg get eag cgt ccg aag ttc act gaa 
Leu Ala Gin Arg Pro Lys Phe Thr Glu 
185 190 



5?6 



aaa ggc tac ggc tct ate aag aaa gtt tat att Igg 
Lys Gly Tyr Gly Ser Me Lys Lys Val Tyr lie Trp 

13 5 20 0 



ace gat caa gac 
Thr Asp GId Asp 
205 



624 



aaa at a ttc ctg ccg gac ttc caa cgc tgg caa att gca aac tac aaa 
Lys lie Phe Leu Pro Asp Phe Gin Arg Trp Gin He Ala Asn Tyr Lys 



210 



215 



220 



672 



ccg gac aag gtt tat cag gtt caa 
Pro Asp Lys Val Tyr Gin Val Gin 
225 230 



ggc ggc gat cac aag ctg cag 
Gly Gly Asp His Lys Leu Gin 
235 



c tg 
Leu 
210 



720 



aca aaa act gaa gaa g t a get cac 
Thr Lys Thr Glu Clu Val Ala His 
245 



att ctg caa gaa gtt get gat gca 
lie Leu Gin Glu Val Ala Asd Ala 



250 



255 



768 



tac gel t a a 
Tyr Ala 



777 



<210> 5 

<211> 258 

<212> FRT 

<213> Manihot eseulenta 



<22fl> 



<223> Modified SHNL 
a replacement 



involving 

ol Gly by Asp at position 165 



<'IO0> 0 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

1 5 10 . ;5 

Trp lie Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin Me 

35 4 0 4 5 

Glu Gin Me Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val Me Me Val Gly Glu Ser 
65 70 ■ 75 80 

Cys Ala Gly Leu Asn Me Ala Me Ala Ala Asp Arg Tyr Val Asp Lys 

85 so' 95 

Me Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 ;2i) 125 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn lie Thr Gly Glu Thr Me 

130 135 140 

Thr Thr Met Lys Leu Gly Phe Val Leu Leu Ar« Glu Asn Leu Phe Thr 
145 :50 155 160 

Lys Cys Thr Asp Asp Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 

165 :70 175 

Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 

180 185 190 

Lys Gly Tyr Gly Ser Me Lys Lys Val Tyr Me Trp Thr Asp .Gin Asp 

195 200 205 

Lys Me Phe Leu Pro Asp Phe Gin Arg Trp Gin Me Ala Asn Tyr Lys 

210 215 220 

Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 
225 230 235 240 

Thr Lys Thr Glu Glu Val Ala His Me Leu Gin Glu Val Ala Asp Ala 
245 260 ■ 255 

Tyr Ala 



<210> 7 

<2I1> 777 

<212> DNA 

<213> Manihot esculenta 

< 2 2 0 > 
<221> CDS 
<222> (1).. (777) 



< 2 20> 



<223> cDNA coding (or Modified SHNL involving 

a replacement ol Gly by Glu at position 165 

<400> / 

all gtt act gca cac tic gtt ctg atl cac acc att tgt cac ggc gca 48 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

1 5 10 . :5 



t g g att t g g cac a a a c t g a a a cog g c c c t g g a a c g t get ggc cac a a a 
Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 
20 25 30 



gtt act gca ctg-gac atg gca gcc agt ggc att gac ccg cgt caa att 144 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Fro Arg Cln lie 

.35 4 0 4 5 

gaa cag ate aac tct itc gat gaa tac tct gaa ccg ctg ctg act ttc 192 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leli Thr Phe 

50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate att gtt ggt gaa age 240 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val lie He Val Gly Glu Ser 

65 ?0 ?5 80 

tgt gca ggc ctg aac att get att get get gat cgt tac gtt gac aaa 288 

Cys Ala Gly Leu Asn lie Ala lie Ala Ala Asp Arg Tyr Val Asp Lys' 

S5 9 0 95 

att gca get ggc gtt ttc cac aac tec ctg ctg ccg gac acc gtt cac 336 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

age ccg tct tac act gtt gaa aag ctg ctg gaa teg ttc ccg gac tgg 3 84 

Ser Fro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Fhe Pro Asp Trp 

115 ■ :2.fl 125 

cgt gac a c a gaa tat ttc a c g ttc acc aac ate ax t ggc gaa acc ate 432 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn lie Thr Gly Glu Thr lie 

130 135 140 

act acc atg aaa ctg ggt ttc gtt ctg ctg cgt gaa aac ctg ttc ace 480 

Thr Thr Met Lys Leu Gly Fhe Val Leu Leu Arg Glu Asn Leu Phe Thr 

145 :50 155 160 

aaa t g c act gat gaa gaa tat gaa ctg gca aaa atg gtt atg c g c aag 528 

Lys Cys Thr Asp Glu Glu Tyr Glu Leu Ala Lys Met Val Met Arg Lys 

165 .n \n 



ggc tct ctg ttc caa aac gtt ctg get cag cgt ccg aag ttc act gaa 
Gly Ser Leu Phe Gin Asn Val Leu Ala Gin Arg Pro Lys Phe Thr. Glu 



5?6 



180 1S5 190 

aaa ggc tac ggc tct ate aag aaa gtt tat att tgg acc gat caa gac 624 

Lys Gly Tyr Cly Ser lie Lys Lys Val Tyr lie Trp Thr Asp Cln Asp 

195 200 205 

aaa ala tic ctg cce uc ttc caa cgc tgg caa att gca aac tac aaa 672 

Lys lie Phe Le^i Pro Asp Phe Gin Arg Trp Gin lie Ala Asn Tyr Lys 
210 215 220 

ccg gac aag gtt tat cag gtt caa ggc ggc gat cac aag ctg cag ctg ?20 

Pro Asp Lys Val Tyr Gin Val Gin Gly Gly Asp His Lys Leu Gin Leu 
225 230 235 240 

a c a aaa act g a a g a a g t a get cac att c t g. c a a g a a gtt get gat gca 768 

Thr Lys Thr Glu Glu Val Ala His lie Leu Gin Glu Val Ala Asp Ala 
245 250 255 

tac get taa 777 
Tyr Ala 



<210> 3 

<211> 258 

<212> PRT 

<213> Manibot esculenta 

< 2 2 0 > 

<223> Modilied SHNL involving 

a replacement ol Gly bj Glu at- position 165 

<40O> 8 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

1 5 10 :5 

Trp lie Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Fro Arg Gin lie 

35 4 0 4 5 

Glu Gin lie Asn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val Me lie Val Gly Glu Ser 
65 70 75 80 

Cys Ala Gly Leu Asn lie Ala lie Ala Ala Asp Arg Tyr Val Asp Lys 

85 9 0 9 5 

Me Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 . 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 : 2 0 12 5 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr Gly Glu Thr lie 
1 3 0 1 3 5 HO 



Thr Thr Met Lys Leu Gly Phe Val 

145 150 

Lys Cys Thr Asp C I u CI u Tyr CI u 

H5 

Cly Ser Leu Phe CIn Asn Val Leu 

180 

Lys Gl y. Tyr Gly Ser lie Lys Lys 
195 20 0 

Lys Me Phe Leu Pro Asp Phe Gin 

210 215 
Pro Asp Lys Val Tyr Gin Val Gin 
225 230 
Thr Lys Thr Glu Glu Val Ala His 
245 

Tyr Ala 



Leu Leu Arj Glu Asn Leu Phe Thr 
155 160 
Leu Ala Lys Met Val Met Arg Lys 

:70 1;5 
Ala Gin Ar^ Pro Lys Phe Thr Glu 
185 190 
Val Tyr lie Trp Thr Asp Gin Asp 
205 

Arg Trp Gin lie Ala Asn Tyr Lys 

220 

Gly Cly Asp His Lys Leu Gin Leu 
235 240 
He Leu Gin Glu Val Ala Asp Ala 
259 255 



<210> 9 

<211> 39 ' 
<212> DNA 

<213> Ar t i I ici al Sequence 
<2 2 0> 

<2.23> Description of Artificial Seeuence : pr imer 

<400> 9 

ggggaattca tggttaclgc acacttcgtt ctgattcac 



<2I0> 10 
<211> 3 9 
<212> DNA 

<213> Ar t i I ici al Sequence 

< 2 2 0 > 

<223> Description of Artificial Sequence: pr imer 
<400> 10 

g g g a a g c 1 1 1 t aa g c g t a t g c a t c a g c a a c 1 1 c 1 1 g c a g 



<21(1> 11 
<211> 44 
<212> DNA 

<213> Arlilicial Sequence 

< 2 2 0 > 

<223> Description of Artificial Sequence : pr imer 



<100> 11 

ggnuusc atatuttac tuacacttc Utctgattc acac 



<210> 12. 
<211> 39 
<212> DNA 

<2 13> Artificial Sequence 

< 2 2 0 > 

< 2 2 3 > Description o( Artificial Sequence : pr inie r 
<400> 12 

gggggatcct taagcgtatg catcagcaac ttcttgcag 



<210> 13 
<211> 54 
<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

<223> Description of Artificial Sequence: pr imer 
<40l)> 13 

cgtgaaaacc tgttcaccaa atgcactgat gaagaatatg aactggcaaa aai 



<21fl> 14 
<211> 54 

<212> DNA 

<213> Arti I ici al Sequence 
< 2 2 0> 

<223> Description of Artificial Sequence : pr imer 

<400> H 

catttttgcc agttcatatt cttcatcagt gcatttggtg aacaggtttt cacg 



<21fl> 15 

<211>. /?/ 
<212> DNA 

<213> Manibot esculenta 

<22fl> 

<221> CDS 

< 2 2 2> (1). . (Ill) 



< 2 2 0 > 



<223> cDNA coding lor Modified SHNL involving 

a replacement ol Val by Leu at position 173 

<400> 15 

atg gtt acl gca cac ttc gtl ctg all cac ace att tgt cac g.gc gca H 

Met Val Thr Ala His Phe Val Leu lie His Thr lie Cys His Gly Ala 

1 5 10 ;6 

tgg atl Igg cac aaa ctg aaa ccg gcc ctg gaa cgt gel ggc cac aaa 86 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Clu Ar« Ala Cly His Lys 

20 25 30 

gtt act gca ctg gac atg gca gcc agt ggc att gac ccg cgt caa att 144 

Val Thr Ala Leu Asp Met Ala Ala Ser Gly lie Asp Pro Arg Gin Me 

35 40 45 

gaa cag ate aac tct ttc gat gaa tac tct gaa ccg ctg ctg act ttc H2 

Glo Gin lie Asn Ser Phe Asp Clu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

ctg gaa aaa ctg ccg caa ggc gaa aag gtt ate att gtt ggt gaa age 240 

Leu Glu Lys Leu Pro Gin Gly Glu Lys Val Me Me Val Gly Glu Ser 

65 70 ?5 80 

tgt gca ggc ctg aac att get att get get gat cgt tac gtt gac aaa 288 

Cys Ala Gly Leu Asn lie Ala Me Ala Ala Asp Arg Tyr Val Asp Lys 

85 9 0 95 

att gca get ggc gtt ttc cac aac tee etgctg ccg gac acc gtt cac 336 

lie Ala Ala Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

1 0 0 1 0 5 no 

age ccg tct tac act gtt gaa aag ctg ctg gaa teg ttc ccg gac tgg 384 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Pro Asp Trp 

115 JO 125 

cgt gac a c a g a a tat ttc a c g tic ace aac ate act ggc gaa acc ate 432 

Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr Gly Glu Thr Me 

130 135 140 

acl acc atg aaa ctg ggt ttc gtl ctg ctg cgt gaa aac ctg ttc acc 480 

Thr Thr Met Lys Leu Gly Phe Val Leu Leu Arg Glu Asn Leu Phe Thr 

145 ;50 155 160 

aaa t g c act gat ggc gaa tat gaa ctg gca aaa atg ctg atg c g c aag 528 

Lys Cys Thr Asp Gly Glu Tyr Glu Leu Ala Lys Met Leu Met Arg Lys 

165 :70 175 



ggc tct ctg ttc caa aac gtt ctg get cag cgt ccg aag lie act gaa 
Gly Ser Leu Phe CIn Asn Val Leu Ala Gin Arg Pro Lys Phe Thr Glu 



576 



ISO 



185 



190 



aaa uc tac ggc tct ate aag aaa ett tat'att 
Lys Cly Tyr Gly Ser lie Lys Lys Val Tyr lie 

195 200 



tgg acc gat caa gac 
Trp Thr Asp Gin Asp 
205 



624 



aaa 
Lys 



ata tic cte 
lie Phe Leu 

210 



ccg gac ttc caa cgc 
Pro Asp Phe Gin Arg 
215 



tgg caa a 1 1 gca aac . t ac aaa 
Trp Gin Me Ala Asn Tyr Lys 
220 



ill 



ccg gac 
Pro Asp 
2 25 



aag git tat cag gtt caa ggc 
Lys Val Tyr Gin Val Gin Gly 
230 



ggc gal c a c aag c t g cag c t g 
Gly Asp His Lys Leu Gin Leu 
235 240 



720 



a c a aaa act ga a e a a g t a get c ac 
Thr Lys Thr Clu Glu Val Ala His 
245 



a 1 1 c tg caa g a a gtt get gat gca 768 
lie Leu Gin Glu Val Ala Asp Ala 



250 



255 



tac gel t aa 
Tyr Ala 



77? 



<21fl> 16 . 

<211> 258 

<212> PRT 

<.213> Manihot escul enla 
< 22 0 > 

<223> Modified SHNL involving 

a replacement of Val by Leu at position 173 

<400> 16 

Met Val Thr Ala His Phe Val Leu Me His Thr Me Cys His Gly Ala 

1 5 10 :5 

Trp Me Trp His Lys Leu Lys Pro Ala Leu Glu Arg Ala Gly His Lys 

20 25 30 

Val Thr Ala Leu Asp Mel Ala Ala Ser Gly Me Asp Pro Arg Gin Me 

35 4 0 4 5 

Glu Gin lleAsn Ser Phe Asp Glu Tyr Ser Glu Pro Leu Leu Thr Phe 

50 55 60 

Leu Clu Lys Leu Pro Gin Glj Glu Lys Val Me Me Val Gly Glu Ser 
65 70 75 80 

Cys Ala Gly Leu As.n Me Ala Me Ala Ala Asp Arg Tyr Val Asp Lys 

85 90 95 

Me AlaAla Gly Val Phe His Asn Ser Leu Leu Pro Asp Thr Val His 

100 105 110 

Ser Pro Ser Tyr Thr Val Glu Lys Leu Leu Glu Ser Phe Fro Asp Trp 



20 12! 



Arg Asp Thr Glu Tyr Phe Thr Phe Thr Asn Me Thr Gly Clu Thr Me 

130 135 110 



Thr Thr Mel Lys 
145 

Lys Cys Tht Asp 

Cly Ser Leu Phe 

180 

Lys Gly Tyr Gly 
195 

Lys lie Phe Leu 

210 

Pro Asp Lys Val 

225 

Thr Lys Thr Glu 
Tyr Ala 



Leu Cly Phe Val 

:5o 

Gly Glu Tyr' CI u 

165 

Gin AsD Val Leu 

Ser lie Lys Lys 
200 

Pro Asp Phe Gin 

215 

Tyr Gin Val Gin 
230 

Glu Val Ala His 
245 



Leu Leu Arg Clu 
155 

Leu Ala Lys Met 

Ala C I n A r g Pro 
185 

Val Tyr lie Trp 

Ar« Trp Gin lie 

220 

Gly Gly Asp His 
235 

He Leu Gin Glu 

250 



Asn Leu Phe Thr 
160 

Leu Met Arg Lys 

IJE 

Lys Phe Thr Glu 

190 

Thr Asp Gin Asp 
205 

Ala Asn Tyr Lys 

Lys Leu Gin Leu 
240 

Val Ala Asp Ala 

9 r. c 
i J J 



<210> 1? 

<211> 45 
<212> DNA 

<213> Arti licial Sequence 
<2 2 0> 

<223> Description of Artificial Sequence : pr imer 

<400> 1? 

g g c g a a t a t g a a c t g g c a a a a a t g n n n a t g c g c a a g g g c t c t c t g 4 5 



<21fl> 18 
<211> 45 
<212> DNA 

<213> Artificial Sequence 

< 2 2 0 > 

<223> Description of Artificial Sequence :pr imer 



<40fl> 18 

cagagagccc ttgcgcatnn ncatttttgc cagttcatat tcgcc 



45 



immt] mm 
mil 



120 
100 

3 80 

m 

HD 60 
1 40 
20 
n 
















Original SHNL 




1 \ 1 
1 \ 1 
1 \ 1 


1 V-i - 

* \* 

■ » ]k 


40 50 60 70 80 



[021 



SDs-PAGE \zx^mmmM'^>y')imm 



BL21(DE3}/pET2ja/ i BL2l<DE3)/pET21a/ 
5HNL Original * SHNL ActnitOOJ -12 

45 50 55 60 65 70 j 45 50 55 60 65 70 (^C) 



[031 



1 

^ 6 
J 5 

m 

g 3 

■OV 1 
n 

















CWgiiBlSHNL 
-O.ActXtt-001f2FSHML 










40 50 60 70 SO 

'. 1 



[04] 



100 

a 80 < 

E 

3 60 
^ 40 
JfS 20 












— OiighiaiSHNL 
-#~Actii«<»M^5Hra. 








0 12 3^ 



iJD^.mSit>7> itm) 0SDS-PAGE 



BU](D£3)/pET21a/ 
SHNL Original 

Oh Ih 2h 3h 



SHNL- 



BL21(D£3)/pETZ]a/ 
SHNLActnit001-f2 

Oh Ih 2h 3h 



[m 6 1 



Ac t m t -00 1 f 2-SHNL (DX.^ y -Ji^izMT 




[ 



WT-C 30* aoH 
fZ-C 30% BOH . 

^JSl* Wr-C OTISROwl 



I: 



20 30 40 



B ActiDt-00lf2-SHNL ©ilFMx5^;i. 




20 40 



o Wr-C40«EA 
• f2-C40%EA 



[0 7] 




97 
95 



5 10 

mmLmfSL cm) 



■OrigralSHNL 
- ActintOOl&SHNL 



? ioo 

Ml Qfl 












V- 70 
U 

lh eo 

h 50 
K 40 
i 30 




|-o-QijgmalSHNL 
















0 5 10 




»U£L@ft (HI) 



2ie 90 

it. 40 
:i 30 


















-o— OrigiiHilSHNL 












0 200 400 600 
Sf&Bfra (min) 



9 1 



m^<r)^^m SHNL mamjz^^mmmtomt 




SHNL (D^'^Ttmm 

m^Pm : 165Gly H : 21Lys 



[0111 
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Hevea brasiliensie l iMAFAHFVLIHTICHGAWIWHKLKPLLEAIiGHKVTALDt.AAfiGVDPRQIEEIGSFDEYSEP 60 
ManihDt esculenta l :MVTAHFVI*IHriCHGAWIWHKLKPALERAGHKVTALDMAASQIDPRQlEQlNSFDEYSEP 60 



Hevea braslliensis 61 : LLTFLEALPPGEKVILVGESCGGL^aiAIAADKYCEKIAAAVPHNSVLPDTEHCPSYVVDK 12C 
Manihot esculenta 61;LLTFL.EKLPQGEKVIIVGESCAGLSJlAIAADRyVDKIAAQVPHNSLLPDTVHSPSYTVEK 120 



Hcvca braslliensis 121 :LMEVPPDWKDTTyFTYTKDGKE- ITGLKLGFTLLRENLYTLCGPEEYELAKMLTHKGSLF 179 
»anibot esculenta 121 rLLESPPDWRDTEYFTPTNITGETITTMKLGFVLLRENLFTKCTDGEYELAKMVMRKGSLr IBC 

* * *** • « ** **** 1****** * * ****** 

Hevea brasiliensis 180:QNIliAKRPFPTKEGYGSIKXlYWrTDQDEIFI*PEFQLWQIEMyKPDKVyKVEGGDHXLQL 23S 
Hanihot esculenta ISliQNVIAQRFKrTEXGYGSIEKVYIWTDQOXIPLPDFQRWQtANYKPBKVYQVQGGDHKLQL 340 

• * ** «* ** • •**»* •«■•« *• *** ******^* • ******** 

Hevea braslliensis 240; TXTREIAEILQBVADTYH 
HanihoC esculenta 241:TXTSEVAHXLQBVADAYA 
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